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Effects of Sugar Permeability Methods on Nutrition, Aroma and

Structure of Candied Prunes

SHEN Xueyu', CHEN Rihui', LIN Yuting', CHEN Chongguang', HUANG Wei'”

1. College of Food Science, South China Agricultural University, Guangzhou 510642, China

Abstract: liayingzi was a representative product of Cantonese candied fruit, and sugaring was an important part of the
processing of jiayingzi. Traditional sugar process mainly uses osmotic pressure caused by high concentration sugar solution to
dehydrate fruit and vegetable tissues. However, it was limited by long sugar penetration, low production efficiency and serious
loss of nutrition and flavor. To solve the above problems, detection methods such as electronic nose, scanning electron
microscope and fuzzy mathematical sensory evaluation method were introduced. The effects of vacuum, microwave and
ultrasonic technologies on sugar infiltration rate, nutrient compaosition, aroma quality, sensory quality and flesh microstructure
of jiayingzi were compared with traditional hot soak. The results showed that compared with the control, three new technology
significantly increased the sugar infiltration rate, microwave was the highest, followed by vacuum. However, in terms of
retention of nutrients and characteristic aroma substances, the contents of total phenols, flavonoids, anthocyanins and the
response values of alcohols, aldehydes and ketones in vacuum were significantly better than the control (P=<0.05), while
microwave was significantly inferior to the control (P=0.05), and ultrasound was not significantly different from the control
(P=0.05). Among the four sugar permeability methods, the nutritional, sensory and aroma quality of the Jiayingzi by vacuum

were the best, and the content of total phenols, flavonoids and anthocyanins were the highest, reaching 2.69 GAE mg/g, 5.44
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RE mg/g, 445 mg/100g. The Adoeer, A4ants and iron ion reduction capacity reached 14.23 mmol TE/g, 128.54 mmol TE/g,
35.61 mmol Fe?'/g. The sensory score was 85,73 points, electronic nose sensor W28 (sensitive to alcohols and aldehydes and
ketones) with a response value of 29.65. The sugar infiltration rate ranked second, the total sugar content at the drying end
point reached 63.05%. Vacuum sugar infiltration has a low degree of damage to the pulp cell structure, which maintained high
nutrition. It was the preferred sugar infiltration method for preparing high-quality Sanhua plums. The microwave sugar
infiltration rate was the highest, the total sugar content at the end of drying reaches 65.79%, but the nutrient and flavor were
lost the most, and the pulp cell structure was seriously damaged. The ultrasonic sugar infiltration rate was slightly higher than
that of the control, the nutritional and sensory qualities were similar, and the difference in the pulp cell structure was not
obvious, The results provide a useful reference for the selection of sugar penetration technology in the processing of preserved
fruit.

Keywords: Sanhua plum: candied prunes: sugar permeability methods; pulp microstructure; nutrition

— 47 (Prunus salicina Lindl. cv. sanhua) 9 8F (Rosaceae Family) FIE (Prunus) %, W
E#A, WEEE, RAPEEFENRETELERNEa6. EFRESTRLE, #ERK §
PLERSL, fefatr. Mg, MBS RENEE, AA RIFOPIEILIEE, 27 EK
S E e — U2, R R E AR &, DEROREAEE, 25FREK,
B kBl PESUR NN FEIEEE T2, REARMBT A, 400, CURM R R, A2
FAEEGNERE T2, WEEHEERESE 80~90 C, BFIZN TR b, ErRaimeE, K
288 50) 7~8 d IBRETAT RS, AT TS, R SR RA R 60%LL 1S, DA SR A 4
PRLAGRE . IR I R . A B 2 TR A s AR A 2R 12 I LR AR b B K S e R B i
W, IEFMRER R E A S P B K B R, (EAFTEIBREFERHS, /2R, M ah i E 77 KRR KR
457 2 A 7 LA ) DS,

PRI ORI R T, SR, B, A=l L2 E, INRFis g
e BLAS S b o i i S U o BB S T 240 W R Th 38 R 24 20 min, fe A 200 S ECE 1S RO
TV 4 S I 5 R R P S B R ARG R TR S 40w A = R s gk & ek i . B, AR
it B3 T 200 A A A i e A R R N SR E TEMR S, (ER AT A BEF AR,
NCE R, AR R AL S S R A T R At AT e i 3 . 5 9 BOAREE AR A, R R LA e
HLEE ) S8 ARG . i ATERALRBESER T2 4, BHR T 5o Wil d i S B #1530
fagr =00, IR BRI, ZEFRESRET, BthRfHEREEEN, HE
i tEas, N o g E, B R e s SRS L2 ok ARA.

LA AR I ER R R R A R, SRR Rl . BB, WA, B EREEARR
BB =N IR AR, ERly . FARERENEE, e amasg =g
RAGAEEH, $H2 0877 200 =2 7 5 5 2w i NAE IR R, AR @ dh i — 2 N A
PR T

1 HE5HE
1.1 #E
L1.1 e 5EHA

FLER R B = A2 RLER DY), il = fh A L, Pl 8 T R R, I FLEG B S IR 9 R R N LR
FERE RS, M. KIEMSEAE E (Trolox) . 1, -2 =AM (DPPH) . 2, 2-
RS- (3-Z 2P mEme i -6-fEES ) —REER (ABTS) . =MEugdE =1 (TPTZ) (¥N4r#rak) ,
¥ Sigma-Aldrich 24 %); TAKLEE. WEE. 1. HEARE S AR R A o .
112 {(BEE  EVOMA 15 BTN T RRE (MEER/RER AR  PEN3 BT
Fn (1B Airsense 2y5] ); TU-1800 38 4h Al I 73 506 FE S CAL 5084 38 FH 43 28 A BR 5141 22 7] ) : KQ-500DE
AR (BT ESRERARD ; DHG-9240A B M THAE (LfE—HEi 2B ER



A7) 3 SHZ-DAINEHKAETE (AXH THEUBEIRASF)  Galanz WiEd (7 R0
WMEBEHBLFED o

1.2 Hi&
121 LEWE
L o BMts TEuS
B e ALER i i
=HEFRIE, HAXE
Mﬁﬁiﬁﬁ_ﬁ_ﬂ'n | TR 1 | n*-;g:;s:gg rﬂl‘soi' E0THET .
B %’i@:“*?% H ATSN:ATEO. ogtpa, AR o |
H a0 fasan Lo
20

| B BRI s, BEEEn -

B ZEFmEFRENITIZRER
Fig. 1  Process flow chart of Candied Sanhua Plum
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Tab. 1 Sensory score standard of candied Sanhua prunes
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Tab. 2 Effect of sugar permeability methods on the total sugar content of candied Sanhua prunes

g
i Total sugar content (%)
Machining process #iE (CK) BEE i P

Heat permeability Vacuum Microwave Ultrasonic




P e e
Sugar penetration end point
Tt
Drying end point

20.60+0.06¢ 25.60+0.25" 27.8240.15° 22.44£0.41°

49.56+1.22¢ 63.05+]1.33% 65.79+£0.36" 53.49+40.18°

W, FETDE AR SRERLEE (P<005) , &,
Mote: Different lowercase letters in the same line indicate significant differences between samples (P-20.05), and the rest is the same,
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PR EFER RER, BRI o/%, ETEFLENELN, S8(2.6910.00 mg GAE/g). KEHEFE
(5.44£0.03 mg RE/g). {E{1F(4.45+£0.02 mg/100g) 7% 714 83 & T HAh = FpigpE 7 =0 (P<0.05) . T
P BNE TR G, ERE RN R E, FRESEBEMRTARMEBE (P<0.05) . BfkE
PERE ALK /R, BBy RO SRS TR, (KT i, JUmE % Rk P B E AT
(P<0.05) . HULAT WL, SfRaPaarl UMt BAaiBiior DL oFh (LB (3 = = n i1 b E Ak
FETE RS, PR A R A Yy, RO BE AR IR TS SRR R R . R A TR R
TRAETREER, W TIEEYRAEARY. BEYR N EIREONER, Rk T, SXY
B SR AT e i, R ] P BOE R R R PR RIS, AR ROZE T SO AN (R i i 0 S
RIS FRR R, &5 8 3R E S DUE i O B e R R E 9% .

A H DPPH ik ABTS iL#0 FRAP 0 AS [F98 48 7 = 2= N R8¢ sk AT R v b ph i 1 k5 .
3R 3 WA, B AT E AL E TR (P<0.05) , DPPH H th#:HEREE 74 14.23 mmol TE/g,
ABTS H HEGRGE/A 128.54 mmol TE/g, P& TiLERE /1A 35.61 mmol Fe*'/g. 1l i% 1 4b 24
FEE F Al = FbbE 5, Fe PR g9 M S LinYE, DPPH B thiFEF R AE S8 13.07 mmol TE/g, ABTS H
B B RE /14 90.43 mmo TE/g, #EE TEEAESIN 18.58 mmol Fe?'/g. WL, My2e& Bk MFESh
ZEULH R 0 B AT, X S LR SRR IE A RS TR RE D S B B ) 2 A R 3 B R
ek R —H.

Fe 3 BB ZEFREMA T EEREERER

Tab.3 Effect of sugar permeability methods on the antioxidant content and activity of candied Sanhua prunes

B
et Sugar permeability methods
Indicators g (CK) HE LR B
Heat permeability Vacuum Microwave Ultrasonic
ERPREE
Nutrient content
pet. o]
2.27+0.11b 2.69£0.007 1.94+0.05¢ 2.16+0.100¢
Total phenol (GAE mg/g)
H A
. 4.37+0.36" 5.4420.03¢ 3.21+0.024 3.80£0.01¢
Flavonoids (mg RE/g)
FEAERE
) 3.38+0.003° 4.45+0.02 3.3020.02¢ 3.33+0.02%
Anthocyanins (mg/100g}
A LT
Antioxidant activity
DPPH (mmol Trolox/g) 12.63+0.63" 14.23+0.03* 13,0740, 145 12.55+0.17°

ABTS (mmol Trolox/g) 110.61£2.9° 128.5442 g4 90.43£3.74° 116.59£2 98



FRAP (mmol Fe?'/g) 23460, 1% 35.61£0.5" 18.58+0.42¢ 26.48+0.41°
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Tab. 4 Statistical results of sensorial evaluation of candied Sanhua prunes with different sugar permeability methods

WA R
Evaluation indicators
S i : REEH AT 20%
Fe i BT 25% (53 10% nemmss Rt 20%
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Tab. 5 Comprehensive evaluation results of candied Sanhua prunes with different sugar permeability methods

i GRIESEE S AR
The sample Evaluation result set Comprehensive evaluation score

P (CKD
. 10,085, 048, 0415, 0.02} 69.45
Heat permeability




B

10.715, 0.285, 0, 0} 85.73
Vacuum
e
: 10.385, 0425, 0.19, 0} 77.93
Microwave
P
. 10,065, 0495, 044, 0} 69,38
Ultrasonic
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Tab. 6 Response value of electronic nose sensor of candied Sanhua prunes with different sugar permeability methods

g i BE AR i (CKD RERC inlt K il P 35
The sensor  Performance description  Heat permeability Vacuum Microwave Ultrasonic
W3S AU AL S IR R 83.31+£2.18° 78.30+1.06° 56.00+0.46¢ 69.31+0,23¢
WIW AFEEAE ) R 63.5620.63 62.20+0.72° 66.16+0,14° 61.94+0,02°
W28 HpEEEE, RIS R 25.73+0.80° 29.65+0,32¢ 17.70£0.11¢ 24.75+0.17°
W2IW w0 R 23.26+0.03° 21.39+0.58¢ 25.98+0.06" 22 280,065
W18 AR R A 9.33+0.14 9.4740. 13" 9474003 §.4020,02°
W6S DR S 2.4540,04° 2.26+0,020 1.95+0.00° 2.21+0.000
W3s wH R R 2.58+0.00" 2,440,070 2.33+0.01° 2,410,000
W3icC F AR R, w3k 1.05+0,03 1.03+0,01* 1.08+0.01* 1.02+0.01*
WsC TSR e & e 0.13+0.01* 0.1340.00¢ 0.18+0.00° 0,150,000
WwiC e, AR 0.12+0,00° 0.140.00° 0.120,00P 0.15+0.00"
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Fig. 2 SEM image of sanhua Plum pulp tissue section
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